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Korthern blot (lonefl 1-3) of 10 \ig of oligo-dT aalacted RNA from 
human 293 ceXld (flbvoblasc cell line) i placenca and spleen tiyUiiUl:»eil 
vlth the TNF receptor cDSA (Smal-EcoRI frAgmant) . The Southern hlot 
(lanee was hybildlseU vlch Che aanie probe. Human genomic DNA 

(S )ig per lane) ujir Hig««rftH virh pBrI(.laTi« L) , H^nrl T]T {\nr\^. 5) flnH 
EcuRI (laiie 6) 



LZB^Smd VZL 'ON 



SS3ddX3 iHaiUd 



4/5 

Fig, 3. unr 
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% CONDITIONED MEDIUM 



Fff^ote of soluble TNF-R on TNF blndlne ^nH b1nloc:ic**l activity. 
Fanel A shows the effects of supernatants frt^m Cub-7 celltt craiiyf ecc<fd 
with a cD\'A ancodlng a eolubi* form of thrf TNT r^coptoT (pTKKRecd» eloflftd 
Circles) or mock cransfecced (open circles) on ^-^i-^NF binding co U937 

c«lls. Pan«l B ahova eb« «ff«ce8 of thoso oup«rnacantc on TN'F madlacad 

kllllnfi Of V£HI 16^ (clone 13) line. A&s<iys were performed a!i described 

In Matarlale and Nctbodc 
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Thtt presont invention relates to recombinant proteins 
and their use. 

Tumour necrosis fautar*a (TNFa) ia a potent cytokine 
6 which eliGit.9 n broad speotrun of biclogical responBdS. 

TKFo oauBCO the oytolyeis or cytostasie of many tumour cell 
lines vitro , induces the haemorrhagic necrosis of 
transplanted tumours in mice, enhances the phagocytosis and 
cytotoxicity of polymorphonuclear neutrophils, and 

10 modulates the expression of many proteins, including 

lipoprotein lipase, wlaats 2 antigens of the major histo- 
compatibility complex, and cytokines such as InterieuKin l 
and interleukin 6. TNFa appears to be necessary for a 
normal immune response, but large quantities produce 

15 dramatic pathogenic effects. TNFa has been termed 

"cachoctin" since it is the predominant factor responsible 
for the wasting syndrome (cachexia) aooooiatod with 
neoplastic disease and parasitemlai TNF is also a major 
contributor to toxicity in gram-negative sepsis, since 

20 antibodies against TNF can protect infected animals. 

The many activities of TNFa are mediated by binding to a 
cell surface receptor. Kadioligand binding studies have 
confirmed the presence of TMP receptors on a widA variety 
of cell types. Although these receptors are expreoood in 

23 limited numbers (1,000 - 10,000 receptors/cell), they bind 
TNPo with high affinity (Ka = lO^M""! at Thft TNF 

receptor has been characterised as a 65| 000-80|000 dalton 
glycoprotein which binds both TNFa and the structurally 
related lymphotoxln (TNF^). Lymphotoxln has similar, if 

3 0 not identical , biological activities to TNPo, presumably 
because both arcs recognized by the same receptor* 
liecently, several laboratories have detected heterogeneity 
in TNF receptor preparations, and have proposed that at 
least two distinct cell surface molecules bind TNFa. In 

3S addition, both of these receptors appear to be released 
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from cello in soluble form, as TOF binding proteina of 
30,000 dairons nave been isolated from both urine and serum 
(1«3) • This soluble eytraoellular domain retains the 
capacity to bind ligand with high affinity. 
5 we nave now expressed a polypeptide which corresponds to 
the extracellular domain of a human TNPa receptor. 
Further, thio polypeptide is secreted as a soluble protein 
and is capable of binding human TMPe. The polypeptide can 
therefore be ueed in the treatment of disorders where TNFa 
10 has a significant causative rolft. 

Accordingly / the prooont invention provides a 
polypeptide having the amino acid sequence (X) : 
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or 
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derivative thereof 


to 


which 


human 


TKFa 


is 


capable of 



binding and whose amino acid sequence has a degree of 
homology of 90% or more with the sequence (I). 
25 The invention also provides a DNA oequenoo which enoodco 





this polypeptide. The DNA sequence 


may 


be: 
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GTG TGC ACC TGC CAT GCA GGT TTC TTT CTA AGA GAA AAC CAC TOT 
GTC TCC TGT ACT AAC TGT AAG AAA AGC CTG GAG TGC ACG AAG TTG 
TGC CTA CCC CAG ATT 

The invention further provides a vector which 
5 incorporates a DNA fieguence of the invention and which is 
capable I when provided in a transformed hftnt, of expressing 
tlie polypeptide of the invention enoodod by the DNA 
aequence* A host transformed with euoh a vector fonno part 
of the present invention too. 

10 In the aooompanying drawings: 

Figure 1 ©hows the nucleotide sequence of the human TNPa 
gDNA and encoded amino acid sequence. The predicted signal 
sequence residues are numbered ^4 0 to «-l. The 
tranemei&brane domain ia boxed and potential K-linked 

lb glyoosylatlon sites are uverlined. The sequence homologouo 
with the designed oligonucleotide probe ia found at 
nuoleotido positions 477-533. 

Figure 2 is a Northern blot (lanes 1-3) of lOMg of 
oligo-dT selected RWA from human 293 cells (fibroblast cell 

30 line) (lane 1), placenta (lane 2) and spleen (lane 3) 
hybridised with the TNP receptor cDNA (Smal-EcoRI 
fragment) . The southern blot (lanes 4-6) was hybridiaed 
with the same probe. Hum;in gctnomic DNA (5 fig per lane) was 
digested with Pstl (lane 4). Hind III (lane 5) and EcoRI 

25 (lane 6) . 

Figure 3 snows the binding characteristics of 
recombinant human TNF receptor expressed in C05;-7 cells. 
The direct binding of recombinant ^^Sj-^NFe to COS-7 oalle 
trans rected with prTNFR is presented in panel A. The inset 

30 contains Scatchard analysis derived from this data. As 
shown in panel D, monolayers of Coo-7 cells tranefected 
with XWF-K CUNA were incubated with InM ^^^I-TNF in the 
presence of various concentrations of unlabel led TKF or LT. 
Figure 4 shows the effects of soluble TNF-R on TNF 

35 binding and bioloqical activity. Panel A shows the effects 
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ot 0up«rnatant8 from cos*? cells traniif<ioted with a cDNA 
encoding a nolubl<i form of tha TNP receptor (pTNFRecd, 
cloaed olrelos) or mook tranafeotod (open clrclea) on 
125x.TNF binding to U937 cells. Panel B shows the effects 
5 of theae supernatants on TNF mediated Killing of WfiHX 164 
(clone 13} line. Aesays were performed aa deacribad in 
Materials and Methods. 

in order to obtain a derivative of the polypeptide of 
thn invention, the amino acid seguence shown above may be 

10 modified by one or more amino acid aubstitutiona, 

insertions and/or deletions and/or by an extension at 
either or each end. A polypeptide composed of such a 
modified sequence must of course still be napable of 
binding human TNFa. Typically a modified polypoptido hao a 

15 binding affinity for human TOFo of lO^M"^ or greater, for 
ftyflmple 10®M'"^ or greater. The affinity may be from 10*^ to 
lOi^K*^, for example from 10^ to lO^M'^. When the 
unmodified amino acid sequence shown above is modified 
there is a degree of homology of 90* or more or 93% or more 

20 between the modified and unmodified seguence. 

For example, one or more amino aoid reoiduoo of the 
sequence above may be substituted or deleted or one or more 
additional amino acid realduea may be Inserted? provided 
the physiooohcmioal character of the original sequence is 

29 preserved, i.e. in terms of charge density, hydrophobicity/ 
hydrophiiicity, size and configuration, candidate 
substitutions are, based on the one^letter code (Eur. J. 
Biochem, Ha, 9-37, 1904): 

A for G and yifia Yfirfia# 

30 V by A, L or G; 
X by R; 

s by T and vice versa ; 

E for D and vlrn vprsa ; and 

Q by K and vice vorsa . 
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up to 15 rosldues nay be deleted from the N-terminal of 
tha polypoptldo, for «xanple up to 11 residues or up to 5 
reaiduoB* Aa far aa axtanaiona are concerned, a abort 
sequence or up to 90 amino acid residues may be provided at 
5 aithar or oach trttrminal. THq aoquAnca niiy hava up to 20, 
for example up to 20 or up to 10, amino aoid residuaa. Up 
to 13 residues, for example up to 9 residuea or up to 5 
residues, may be added to the c*terminal of the polypeptide 

in tha order ENVXGTEDS6TT. 

10 Alternatively, a much longer extension may bo prooont. 
Longer amino acid sequenQes may be fused to either or eavh 
and. A chimaerio protein may therefore be provided in 
which the or eaoh extencion is a hotarologous amino acid 
sequenoe, i«e« a sequence not naturally linked to the omino 

15 acid sequence above. £>uch a chimaeric protein may 

therefore combine the ability to bind specifically to human 
TKFa vith another functionality. 

The polypeptides are prepared by recombinant DNA 
technology. The preparation of tha polypeptldfia tharefora 

20 depends upon the provloion of a DNA ecqucnoc onooding tho 
polypepCiUe. DHA coiiti^riaing the nucleotide sequence shown 
above may be obtained by probing a human placenta cDNA 
library, for example a Xgtll library. Such a library is 
available from Clontech. A suitable probe la: 

2 b AAG QkQ ATU GGC CAG GTX GAG ATC TCT TCT ACT GTT GAC AAT GAC 

ACT GTG TGT G^r 

A modified form of the nucleotide sequence shown above, 
a polypeptide having the amino acid sequence shown above or 
a derivative polypeptide, may be obtained by use of any 

3 0 appropriato technique, inoluding reetriction with an 

endonuclease, insertion of linkers, use of an exonuclease 
and/or a polymerase and site-directed mutagenesis, whether 
a modified DNA aaquonca encodes a polypeptide of tha 
invention can be readily ascertained. The polypeptide 
35 encoded by the sequence can be expressed in a suitable host 
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and teated for its al)lllty to bind specifically human THFa. 

For oxprosslon of a polyp«ptid« of ths invention, an 
expreasion vactor is constructed. An expression vector is 
prepared vhich ooopriscs a t>Vh eequenoe encoding a 
B polypeptide of the invention and which la capable of 
expressing the polypeptide when provided in a suitable 
ho0b. Appropriate transcriptional and translational 
control elements are provided, including a promoter for the 
DMA sequence/ a transcriptional termination site, and 
10 traneletionel etart and stop eodone. The DKA oequenee is 
provided in the correct frame suoh as to enable expression 
of the polypeptide to occur In a host compatible with the 
vector. 

The expression vector is then provided in an appropriate 
15 host, cells harbouring the vector are grown aw as to 

enable expression to occur. The vector may be a piasmld or 
a viral vector. Any appropriate host-vector system may be 
employed > 

The transformed host may be a prokaryotlc or euKaryotlc 

20 hoot. A bacterial or yeact host may be employed, for 
example fij, o^' 8jl careviaiae. Insect cells can 

alternatively be used, in which case a baculovirus 
expression system may be appropriate. As a further 
alternative, colls of a mammalian cell line, such as 

25 Chinese Hamster Ovary (CHO) Cello may be transformed. A 
polypeptide glycosylated at one, two or three of the sites 
shown in Figure I can be obtained by suitable choice of the 
host cell culture. 

The polypeptide or the invention can be Isolated and 

30 purified. The polypeptide is soluble- It can be emplnyod 
in the regulation of TNP-mcdiated responses by binding and 
sequestering the cytoKlne. The polypeptide can therefore 
be used therapeutically to treat disorders such as 
cachexia, sepals and autoimmune diseases suoh ao rheumatoid 

35 arthritis. 
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For Uiltt purpose, a polypeptide of the present invention 
may be fonaulated in a pharmaceutical oonpoaition. The 
phazmaceutical composition also comprised a 
pharmaceutical ly acceptable carrier or diluent. 
9 The polypeptide of the Invention may be administered to 
a pjiitlent by any convenient route. The choice of whether 
an oral route or a parenteral route, such as suboutanaoue, 
intravenous or intramuscular adninistration, Is adopted; of 
the dose I and of the frequency of administration depends 
10 upon a variety of factors. These factors include the 
purpose of the administration, the age and weight of the 
patient being treated and the condition of the patient;. 
Typically, however, the polypeptide is administered in an 
amount of from 1 to 1000 m9 P^t dose, more preferably from 

19 10 to 100 /ig per dose, for each route of administration. 

The invention further provides a protein which has the 
amino acid seqpjence of the extracellular domain of a human 
THFa receptor, or a derivative thereof to which human TNFe 
is capable of binding, for use in a method of treaUucint of 

20 the human or animal body by therapy; eepaclally for use in 
the treatment of an autoimr'^*^o disease in which TNFa plays 
a significant causative rolt£, such as rheumatoid arthritis* 

The extracellular domain of a TNFa receptor, or a 
derivative thereof capable of binding human TNFo, may 
29 therefore be used to treat rheumatoid arthritis. The 

extracellular domain, or a derivative thereof, of either or 
the two structurally distinct human TNF r©c«ptor« may he 
used. A suitable polypeptide has the amino acid sequence 
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or a darlvatlva tnersot to which human tneq I0 capable of 
5 binding. 

The amino acid oequenoe of an oxtracallular doioain such 
aa aaquenca (II) shown above may bo modified by one or more 
amino acid substitutions. Insertions and/or deletions 
and/or by an extension at either or each end. A 

10 polypeptide composed of such a modified sequenoe mast of 
course still be capable of binding human TNFu, Typically a 
modified polypeptide has a binding affinity for human TNFa i 
of lO^M'*^ or greater, for example lO^M""! or greater. The 
affinity may be from lo'' to lO^^M*^, for example from 10® 

15 to lO^M"^. When the unmodified amino acid seauence shown j 
above ifl modified there ie a degree of homology of 90* or i 
more or 95% or more between the modified and unmodified | 

sequence. I 

I 

For example, on« or more amino acid residues of the i 
20 Bcqucnoe above may be substituted or deleted or one or more j 

additional amino acid reaidues may be inserted; provided 

the physicochemical character of the original sequence Is ! 

preserved, i.e. in terms of charge density, hydrophobic ity/ 

hydrophilicity^ siae and configuration* Candidato 
25 substitutions are, based on the one^letter code (Eur, J. I 

Biochem, 12£, 9-37, 1984): 

A for G and ^iss rea ^ 1 
V by A, L or Gj 

K by I 
30 8 by T and vice versa : 

£ for D and vice versa ; and | 

Q by N and vice yergfl. 

Up to 15 residues may be added to the K-terminal of the 

polypeptide, for example up to 11 residues or up to 5 
35 residues. As far as extensions are concerned, a short 

sequonee of up to 50 amino acid residues may be provided at , ' 
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oith«r or each terminal « Tha soquenoe nay hava up to 30, 
for exainple up to 20 or up to 10, amino acid roslduos. up 
to 12 realduos, for oxompl© up to 9 reolduoa or up to S 
rofliduos, nay be deleted from the c-termlnal of the 
5 polypeptide. 

For thie purpoee, a polypeptide may be formulated in a 
pharmaceutical compoeltion. The pharmaoeutloal composition 
aleo compriees a pharmaeeutically aoaeptable carrier or 
diluent. The polypeptide le typically a recombinant 

10 polypeptide in pure form* 

The polypeptide may be administered to a patient by any 
convenient route. The choice of whether an oral route or a 
parenteral route, auch as suboutanooue , intravenous or 
intramuscular administration, is adopted; of the dose; and 

15 of the frequency of administration depends upon a variety 
of factors. Thcoo factors include the purpose of th« 
administration, the age and weight of the patient being 
treated and the condition of the patient. Typically, 
however, the polypeptide is adrainietered in an amount of 

20 from 1 to 1000 iig per dose, more preferably from 10 to 100 
M9 per dose, for each route of administration* 
The following Example illURtratea the invw tion- 



Recombinant human TNFa and TNPj9 were supplied as highly 
purified proteins derivea from ti, coll. The specific 
aotivities of these preparations were approximately lo'^ 
unlto/mg, as measured in tho murine L929 cell cytotoxicity 
30 assay. The synthetic oligonucleotides were prepared by 
Oswel DKA Service (Univerelty of Edinburgh) . 



The sequence of a peptide fragment (EMGQVEISST 



25 



1. Mntftrlflls flnfl MAt-hoda 
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VDRDTVCG} of tho TMP binding protoln waa ufl«d to 
design a eynthetic oligonucleotide probe (5* AAQ OAO ATQ 
G6C CAG GTT GAO ATC TCT TCX ACT 6TT GAC AAT GAC ACT GTQ XGT 
GCC-3')- The 57-iner DMA probe was labelled with 32p and T4 
S polynucleotide kinase <Kev England Diolab^ Deverlyi KA) and 
used to soreen a placenta cDNA library in Xgtio (4,9} • 
Approseimately 800,000 phage were transferred to 
nltrooelluloae filters and eoreened at reduood stringency 
(d}« Filtera were incubated for 2 hours at 42*C in 0.05M 

10 aodiuia phosphate, pH 6.5, 20« romamlde, 0.75 M sodium 

chloride, 0.075 M sodium oltrato, 1% polyvinyl pyrrol Idona 
(Sigma, St Louis, KG), 1% Fiooll, 1% bovine aerum albumin 
(Sigma) , and 50 ng/ml sonicated ealmon sperm DNA (Sigma) . 
The radlolAbftlled probe was then added to the filtera (10^ 

16 opm/ml final concentration) which were hybridised for 16 
hours « Filters were washed extensively in O.OCH sodium 
chloride, 0.006H eodlum citrate, i« SDS at 37-c and 
positive clones were identified by autoradiography. Tan 
hybridising clones were plaque purifiod (4) and oDNA insert 

20 size was determined by polyacrylamide gel electrophoresis 
of BeoHI digested phage DNA. The inserts of two CDNA 
clones wore eoqucncod ueing tho dideoxy chain termination 
technique (7). 

seuthern and Northern blot anaivsia 

25 DNA was isolated from human lymphocytes by the method of 
Blin and Stafford (0] and used for Southern blot analysis 
(9). ONA was digested with restriction endonucleases (New 
England Biolabs) , fractionated on a 1( agarose gel, and 
transferred to nitrocellulose. Hybridisation and washing 

30 were conducted under stringent conditions (5) using a ^^P- 
labelled preparation of a 600 bp fragment of the TNF 
receptor cDNA. Northern blot analyoio wao performed (10) t 
on oligo^dT selected RNA isolated from human placenta, 
spleen (generously provided by the Cooperative Human Tissue , 

35 Networ)c, Birmingham, AL) and a fibroblast cell line (293 
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cells), rollovin? eidOtrophorMle on a rozmaldshyde 1.2% 
agaroflo gol, tha RNA was transferred to nitrocellulose and 
hybridised with the THP receptor DNA probe under stringent 

conditions. 

S Matnnnlian call laxpraaiiicn of tho human TMF rsoOPtor and 

derivatives 

The ceding region of the najority of the hunan TNF 
receptor was isolated as an EooRI fragment and cloned into 
e naaonalian cell expression vector (II) , resulting in 

10 plasmld prXNFR. The £cori fragment encodes 374 amino acids 
of the TMF receptor; the 81 earboxyl terminal residues of 
the cytoplasmic domain are therefore missing from this 
plasmld construction. A derivative of the TNF receptor was 
produced by engineering a temination codon just prior to 

15 the transmembrane domain. The polymerase chain reantion 
(PCR) technique (12) was uaed to generate a 300 bp 
restriction rraament containing a Bglll site at the 5' end 
and a Hindlll site preceded by a TAG atop codon at the 3« 
end. The PCR primers wore 5 *CCTGCTCCAAATGCCGAAAG and 

20 5'AQTTCAAGCTTTTACAGTGCCCTTAACATTCTAA. The PCR product was 
gel purified and cloned into the TKF receptor expression 
plaomid (dosoribed above) digeated with BgXIZ and Hindlll. 
DNA eequencing confirmed that the resulting plasmid 
(pTNFRecd) contained the designed una sequence. 

25 The TNF receptor eypression plasmids were tranRfected 
into monkey COS-7 cells using Lipofeotin (Glbco BRL, 
BethesdSi MU) according to the manutacturer'» IntitruuLluns. 
Cells were cultured in Dulbecco's modified Eagle's medium 
containing 10% fetal calf serujB. 

30 Analvslfl of recombin ant TMF rftcuntor derlvatlvea 

THFa was rodioiodinated with tho lodogon mothod (Pieroo) 
according to the manufacturer's directions. The apeciric 
activity of the ^^^J-TUTa was 10-30 jiCU ^q. COS cells 
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transfected with th3 TNr receptor cdna (prTNFR, 1300 bp 
EcoRI fragndnt) vera incubated for 2S hours and then seeded 
into six veil tiaaue culture platce (Hunc) at 4.6 x 10^ 
cells per veil* The celle were inoubatsd for a further 48 
5 hours and then receptor evpression vas quantitated by 
radioligand binding for 3 hours at 4*C- Kon*speoific 
binding of ^^^l^rma vas det^rBined in the prssencs of a 
1,000 told molar excess of unlabeiied TNro. Binding data 
vas analyssd by tha mothod of Scatchard (13) . 

10 The TNP roooptor derivative vas analysod for inhibition 
of ^^^I^TNFa binding to the natural rsceptor on human W37 
calls. Culture supernatant vas harvested 72 hours after 
cos cells wore trans feet od with pTNFRecd. U937 cells (?. y 
10® cells in 200 Ml) wsra incubated with InM ^^^Z-'tUFa and 

15 dilutions of cos cell media for 2 hours at 4*C. CbIIh were 
then centrifuged through 20% sucrose to remove unbound 
THFa. Hon specific binding was determined in the presence 
of 1/aK unlabeiied THFa. 

The TNF receptor derivative vas also analyzed for 

20 inhibition of TNFo cytotoxic effects in JLltrfl- The 

cytotoxicity assay was performed aa described on the TNF 
sensitive cell line wehi 164 clone 13 (14). Serial 
dilutions of supernatant^ from COS cens transfected vith 
pTHFRecd or mock transfeoted oontrolo were inoubated with a 

25 constant amount of TNFa (I ng/ml) for 1 hour at 27 'C before 
addition to the assay. 



2. BSSUI^ 

Taoiai^ion and characteriza tion of. the,.. TWF recoPto r CD NA 
A partial amino acid sequence of the TKF binding protein 
30 was used to design a synthetic oligonucleotide probe. The 
radioiabelled probe vas used to screen a human placenta 
cDNA library in \gtl0 and ten hybridising phage vers 
isolated. The nucleotide and deduced amino acid sogucnocs 
of the longest cuna clone are depicted in Figure l» The 
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third potential AM initiation codon occurs at position 15€ 
of the nucieotia© sequence; the first two atg codons are 
olosaly followed by temlnntion codons, and the third ATG 
is preceded by the best translation initiation consensus 
5 nucleotides (15) • The cDNA encodes an open reading frame 
of 1365 bases vhlch codes for a polypeptide or 45d 
residues. Both of the peptide sequences detemlned by 
amino acid eequenoing were identified in tha ancodad cDHA 
(17 Of 19 and 18 or 19 aatchlnq residues). The amino 

10 terminal end identified for the TMF binding protein 
corresponds to the cDNA encoded sequence beginning at 
residue 41« The first 35 amino aolds are generally 4Ulte 
hydrophobic And probably represent a signal sequence. 
I^eoiduea 36-40 are highly charged (DRSKR) and such a 

15 sequence is not typically found in secretory signal 

sequences (16); perhaps tne natural receptor is processed 
by proteolysis after re<!«idna 40 which contains a dlbasio 
cleavage site (KR) • Hydropathy analysis of the protein 
sequence predicts a single transmembrane domain of 23 amlnu 

20 aolds. This hydrophobic sequence divides the protein Into 
an extracellular domain of 171 residues and a cytoplasmic 
domain of 221 residues. The amino acid composition 
determined for the TNF binding protein (2) corresponds well 
with the predicted composition of the extracellular domain 

25 encoded by the cDNA (results not shown) . The discrepancy 
between the predicted receptor size (40«ooo daltons) and 
the size determined by SDS-polyacrylamide gel 
eleotrophoresis (65,000 daltonsi 17-10) is probably duo to 
glycosylation; there are four potential N-llnked 

30 glyoosylation sites in the sequence, three or which are in 
the extrooollular domain. The eequence contains a large 
number (16) of cysteine residues, 24 of which are in the 
extracellular domain. Tha arrangement of these cysteine is 
similar to that of several other cell surface proteins, 

35 suggesting that the TNF receptor is structurally related to 
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a family or reo^ptora, 

A Northarn blot analysis Is presented In Mgure 2. xne * : 

32p-iaballed cDKA hybridised to a single predominant band 
of oligo-dT selected RNA from huaan placenta or epleon. A | 
5 minor larger transcript was also observed in rna from a 
fibroblast oall line. The aica of tho hybridising epeoies 
is 2400 bases, in good agreement vith the else of isolated ; 
cDNA* Also shown In Figure 2 is a Southern blot of human 
genomic DNA hybridized vith a 6UU bp probe from the cDNA. j 
10 In eaoh of the three different restriction digests, only r 
single hybridised signal vaa observed. Thus tho THF 
receptor that ve have Isolated appears to be encoded by a j 
single gene. I 

i 

15 gxnraaaion of recombinant TNF receptor seouenceg in j 

To confirm that the cDKA shown in Figure 1 indeed 
encodes the THF receptor, the cDHA was engineered for ! 
expression in mammalian cells. The cdna contains an EcoRI 

20 site at position 1270 of Figure 1, The receptor coding 

sequence was isolated as a 1300 bp £ooRI-f ragment i 
(containing all but the laut 81 codons of the cytoplasmic : 
domain) and inserted into a mammalian cell expression 
vootor containing a cytomegalovirus promoter and SV40 

23 transcription termination sequences (11)- The resulting i 
plasmid was transteoted into COS cells which were analyzed 
for TtJP receptor expression after three daye. shown in 
Figure 3, the transf acted cello specifically bound j 
radlolodinated TNFq In a saturable and dose dependent 

30 fashion. The population of COS cells expressed 

approximately 1 x 10^ receptors per coll. Tho measured | 
binding affinity of recombinant receptors was 2.3 x lO^M"^ 
at 4'C which is in close agreement with natural receptor on 
human cells (18,19) • The binding of 125x*TNFa(l nM) to 

35 these cells could be inhibited by the addition cf ' 
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unlabttllad TNra or lymphotoxln (Figure 3b) • COG eella 
transfttcted vlth just the expression vector did not 
eignifieantly bind ^^^l^THTa (less than 2* of the binding 
seen with the cDHA transfection) • 
5 The extracellular domain of the TNF receptor ie 
naturally shed from calls (1-3). To produce a similar 
recombinant derivative ^ a stop oodon preceding the 
transmembrane domain watt engineered into the cDNA by PCR 
mutagenesis. The modiried dna was inserted into the 

10 expression plasmid and subsequently transfected into COS 
cells. After three days, the COS cell media was tested for 
inhibition of TNfa binding to human Ud37 cells. As shown 
in Figure 4a, the hransfected call media inhibited up to 
70% of th© binding of TKFa. The recombinant TNF receptor 

15 derivative was nexL tested for inhibition of TKFa 

biological activity. A sensitive bioassay for TNFo is a 
measurement of cytolysie of mouse WEHI 164 (clone 13] 
cells. The transfected cell media inhibited 60% of TKFft 
cytotoxicity on this cell line (Figure 4b) . Media from 

20 mock tran«»fort:ed COR cells did not inhibit TNFa induced 
oytotoxioity or binding, 'i. ae experiments demonstrate 
that the recombinant extracellular domain of the TNF 
receptor Is capable of binding TNF and inhibiting its 
biological aotivity. 
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1, A polypeptide having the amino aoid eequence: 
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or a derivative thereof to whioh human TNFe is capable of 
binding and whose amino dcid eequence has a de^gree of 



homology of 90% more with the sequence (I) . 
15 2. h DKA Boquence which encodes a polypeptide as 



defined in claim !• 

9. A DNA sequence according to claim 2, which is: 
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30 4, A DNA sequence according to claim 3^ vhich 

further comprises a 5* sequence which encodes a signal 
amino aoid eequcnoe. 

5, A vector which incorporates a DNA aequenoe ac 
claimed in any one of claims 2 to 4 and which is capable, 

35 when provided in a suitable host, of expressing the said 
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polyp«ptido. 

6* A Vttctor aucording to claim 9, which is a 
plaanid. 

7. A hoot tranoformod with a vector as claimad in 

9 clftliD 9 or 6« 

8. A host acoording to claim 7, vhioh is a mammalian 
coll lino. 

9* A process for the preparation of a polypeptide ao 
defined in claim 1, which process comprises culturing a 

10 transformed host an claimed in claim 7 or R under such 
conditions that the said polypeptide is expresaod. 

10. A pharmaceutical compoeiliun cuiupriein^ a 
pharmaceutically acceptable carrier or diluent and, as an 
active principle, a polypeptide as claimed in claim 1. 

15 11. A protein which has the amino acid sequence of 

the extracellular domain of a human TNra receptor, or a 
derivative thereof tr> whtr.h hum;^n TNFft io cApahla of 
binding, for use in a method of treatment of the human or 
animal body by therapy. 

70 12. A protein according to claim 11, for use in the 

treatment of rheumatoid arthritis « 

13, A pruUein accurding to claim 11 or 12, which is a 
polypeptide as defined in claim l« 
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